Asian Pac J Cancer Prev, 15 (20), 8595-8601 of ovarian cancer has improved over the last 20 years due to more effective surgery and optimized combinational chemotherapy, i.e., platinum-based drugs combined with taxanes (e.g. paclitaxel,docetaxel). however, the overall cure rate is only 30%.
Introduction
Epithelial ovarian cancer is the most important cause of death from gynecological cancers in the world (Wong et al., 2003) . Stage of the disease, histological and molecular cell-biological characteristics have been shown to associate with prognosis or therapy outcome (Calin et al., 2005) . For example, 20% of ovarian cancers are limited to the ovaries at time of diagnosis (stage I) and up to 90% of these patients can be cured using currently available therapies (Li et al., 2008) . However, the cure rate decreases substantially when the disease has metastasized to the pelvic organs (stage II), the abdomen (stage III) or beyond the peritoneal cavity (stage IV) (http://seer. cancer.gov/statfacts/html /ovary.html). The management RESEARCH ARTICLE
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Cheng-Liang Zhu 1 , Guo-Sheng Gao 2 * (Leskela et al., 2011) . Epithelial ovarian cancers develop from flattened epithelial cells into four distinct histological types, i.e., serous (most frequent type), endometrioid (second most frequent type), mucinous (most frequent in stage I disease) and clear cell, while a mixture of these histology types can be present as well. Furthermore, the extent of differentiation of the tumor can vary from grade I (well),grade II (moderately) to grade III (poorly or undifferentiated). Clear-cell carcinomas, associated with worse prognosis in early stage disease, and mucinous carcinomas generally do not respond as well as serous and endometrioid tumors to platinum-and taxane-based chemotherapy. Landen et al. proposed a model for ovarian cancer pathogenesis, including a low-grade pathway and a more rapidly evolving high-grade pathway, which incorporates different molecular factors like tumor cell mutations and host micro-environmental factors (Landen et al., 2008) . Given this heterogeneity, increasesin longterm survival may be achieved by integrating the recent insights at the pathological, molecular and cellular levels and translating it to personalized therapeutic strategies.
At the molecular level a number of interesting genes and pathways have already been identified that may play essential roles in the development of ovarian cancer and could serve as molecular targets for therapy. The recently discovered microRNAs (miRNAs) constitute a novel regulatory layer of gene expression and have been implicated in the etiology of various kinds of human cancer (Lu et al., 2005; Calin et al., 2006) . This provided a stimulus to investigate the involvement of miRNAs in ovarian cancer.
MicroRNAs are small (about 22 nucleotide) noncoding RNA gene products that post-transcriptional modulate gene expression by negatively regulating the stability or translational efficiency of their target mRNAs (He et al., 2004) . Currently, more than several hundred unique mature human miRNAs are known (Yan et al., 2008) . Aberrant expression of miRNAs has been linked to some cancers, leading to the use of miRNA profiles in the diagnosis/prognosis of specific cancers and to distinguish certain cancer types.
miRNAs have been reported to be involved in tumorigenesis (Hernando, 2007; Skaftnesmo et al., 2007) , acting, as on might expect, variously as either tumor suppressors (e.g. miR-15a and miR-16-1) ,oncogenes (e.g.miR-155 and miR-21) and as promoters (e.g.miR-10b,miR-182 and miR-29a) or suppressors (e.g.miR-335 and miR-126) of metastasis. Several other reports have described altered expression of miRNAs in cancer tissues compared to normal tissues (Faragalla et al., 2012; Koberle et al., 2013) , suggesting that these miRNAs could potentially represent novel clinical and prognostic markers.
The first study suggested that miRNAs also fulfill an important role in ovarian cancer was published in 2007 and showed that approximately 40% of the miRNA genes exhibit altered DNA copy number (Iorio et al., 2007) . Later on, high expression levels of Dicer, Drosha and eIF6, proteins involved in miRNA maturation, were shown to be associated with a favorable prognosis of ovarian cancer patients . Several studies have reported miRNAs that are aberrantly expressed in ovarian cancer and are associated with histological subtypes, tumor stage or grade, primary or recurrent tumors, BRCA mutated/ epigenetically changed tumors and survival (Chen et al., 2013; Di Leva et al., 2013) . Indeed, 39 miRNAs showed a differential expression in ovarian cancer compared to normal tissue or cell lines, including the miR-200 and let-7 families (Iorio et al., 2007; . miR family frequently associated with ovarian cancer is the let-7 family, which in humans consists of 10 mature miRNAs (let-7a-g/i, miR-98 and miR-202) organized in several clusters throughout the genome. The let-7 family has been implicated in several types of cancer, and four let-7 family members are downregulated in ovarian cancer as well. In addition, low expression levels of let-7b are associated with poor prognosis in serous ovarian carcinomas (Tang et al., 2013) .
The miR-200 family consists of five members localized on two genomic clusters (One cluster resides on human chromosome1 and encodes miR-200b,miR-200a, and miR-429; while the other cluster is located on human chromosome12, and encodes miR-200c and miR-141) (Korpal et al., 2008) . Interestingly, high levels of all family members have been linked with ovarian cancer in multiple studies (Hu et al., 2009; Bendoraite et al., 2010; Chen et al., 2011; Mateescu et al., 2011) . Moreover, high expression levels of the miR-200 family are associated with decreased progression-free survival and overall survival of ovarian cancer patients. Although the expression levels of miR-200a and miR-200b may be lower in late stage than in stage I tumors, a high level of miR-200a expression in advanced stage correlates with poor ovarian cancer outcome.
In this study, we report that miR-200a is overexpressed in advanced ovarian carcinomas tissues compared to the matched normal ovarian tissues. Furthermore, the expression level of miR-200a was correlated with clinicopathological features, ovarian carcinomas with metastasis tend to express high level of miR-200a than those without metastasis. Similarly, cell line assay also showed that miR-200a is also overexpressed in more invasive and metastatic epithelial ovarian cancer cell line SKOV3.ip1 than its parental line SKOV3. Notably, miR-200a inhibitor significantly reduces cellular proliferation, as well as invasiveness of SKOV-3.ip1 ovarian cancer cells.
Materials and Methods

Tissue samples and cell lines.
72 pairs of primary advanced ovarian carcinomas tissues and matched normal ovarian tissues were collected from patients in Zhong Nan hospital from 2008 to 2010, with informed consent and agreement. All tumors were staged according to the International Federation of Gynaecology and Obstetrics standards (FIGO). All tissue samples from untreated patients before undergoing surgery were snap frozen in liquid nitrogen and stored at -80°C until the extraction of RNA. clinicopathologic information (age, gender, pathology, differentiation, tumor-nodemetastasis classification) of all samples was available. The SKOV-3 human ovarian carcinoma cell line was purchased from the American Type Culture Collection. The SKOV-3. ipl cell line was established from ascites that developed in a nu/nu mouse given an i.p. injection of SKOV-3 cells. Cells were grown in Dulbecco's modified Eagle's medium/F12 medium supplement (Gibco, Grand Island, NY) supplemented with 10% fetal bovine serum (Sigma-Aldrich), 2 mmol/L glutamine, 100 units of penicillin/mL, and 100μg of streptomycin/mL (Cambrex), and incubated at 37°C in a humidified chamber supplemented with 5% CO 2 .
miRNA isolation
microRNA was extracted from the tissue using the mirVana™ miRNA Isolation Kit (AM1560, Ambion). Total RNA was isolated from 100 to 250 mg of frozen tissue or 1x10 6 cultured cells according to the manufacturer's instructions. All preparation and handling steps of RNA were performed in a laminar flow hood under RNase-free conditions. The quality and quantity of the isolated RNA was analyzed using a Bioanalyzer 2100 system (Agilent).
Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 8597 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.20.8595 miR-200a Overexpression in Advanced Ovarian Carcinomas and Potential Prognostic Potential Stem-loop real-time reverse transcription-PCR (TaqMan®MicroRNA Assays) miRNAs was reverse transcribed in a 15 μl reaction using the TaqMan® MicroRNA Reverse Transcription Kit (4366596, Applied Biosystems) which contain a miR-200a-specific stem-looped primer for reverse transcription (made-to-order). qPCR was performed on a StepOnePlus Real-Time PCR System (ABI) using TaqMan® Universal PCR Master Mix II (4440040,Applied Biosystems) in a 20μl reaction and U6 as an endogenous control, result was determined using the 2 -ΔΔCT . The qPCR experiments were run triplely within each experiment run, relative expression values were normalized to standard deviations from the mean.
Transfection of miR-200a inhibitor/mimic
Cells were seeded in 0.5 ml serum containing medium in 24-well plates 24 h prior to transfection.To transfect, Dilute 5.5 pmoles of inhibitor/mimic (Ambion) in 50 µl of jet PRIME buffer (polyplus), Vortex 10 s and spin down, then add 2 μl of jetPRIME reagent (polyplus), followed with Vortex 10 s, spin down and incubate 10 min at RT. Next, add transfection mix to the cells-seeding plates. Random RNA duplex (Ambion) was used as negative control for the transfection experiments. GAPDH siRNA (Ambion) was used as positive control to monitor the transfection efficiency.
MTT assay for cell proliferation assay
MTT assay was performed in a 96-well plate using the Cell Proliferation Kit (I) (Roche) following the manufacturer's instructions. Four to six wells were done for each sample and experiments were repeated twice. The resulting colored solution was quantified using an Emax precision microplate reader (Molecular Devices) at 570 nm with a reference wave length of 650 nm.
Transwell invasion assay
SKOV-3 Cell invasion was assessed using the Matrigel Invasion Chamber (BD biosciences) in triplicate. SKOV-3 Cells were transfected with miR-200a mimic or inhinitor (Ambion) for 48 h, and then washed with PBS buffer, Fifty thousand cells in 100 μL serum-free media were added to the upper chamber precoated with Matrigel of each Transwell. Medium containing 10% fetal bovine serum in the lower chamber served as the chemoattractant. After the cells were incubated for 22h at 37°C in a humidified incubator with 5% CO 2 , the noninvading cells were removed with cotton swabs .The invasive cells attached to the lower surface of the membrane insert were fixed in 100% methanol at room temperature for 30 min and stained with hematoxylin. The number of invasive cells on the lower surface of the membrane was then counted under a microscope.
Statistical analysis
Statistical analysis was performed using Prism 5.0 software (GraphPad), values are expressed as the Mean±SD. Differences between groups were Calculated with Student's t test, or ANOVA. p < 0.05 was defined as being significant.
Results
miR-200a is overexpressed in the human epithelial ovarian cancer tissues
The tissue characteristics of 72 patients are shown in Table 1 . Using U6 as endogenous control, the miR-200a expression levels were determined by TaqMan microRNA qPCR. Of 72 matched normal and cancer tissues, 65 (90.3%) cancer tissues overexpressed miR-200a (fold > 2) in comparison with the matched normal tissues. As showed in Table 2 , expression change of miR-200a in samples of ovarian carcinoma was calculated relative to matched normal tissues (miR-200a expression level in normal tissue was set to one). miR200a level was significantly higher in advanced ovarian carcinomas tissues than in normal tissues (p<0.01; Figure 1A ).
miR-200a overexpression in relation to clinicopathological features
We next analyzed results from miR-200a expression level in advanced ovarian carcinoma to evaluate whether a correlation existed in various clinicopathological features with miR-200a expression. We analyzed advanced ovarian carcinomas of different clinical stages (stage I-II and III-IV), clinical tumor grade (0-2 and 3), lymph node Figure 2B ), high tumor grade ( Figure  2A ) or lymph node metastasis ( Figure 1B ), but was not showed with tumor histology (p=0.0959, Figure 2C ). Specifically, expression of miR-200a was markedly higher in specimens with lymph node metastasis, those results suggest that miR-200a has the potential value to be a diagnostic indicator in ovarian carcinomas.
Overexpression of miR-200a in the human epithelial ovarian cancer cell line SKOV3.ip1
To examine the effects of miRNA in functional study, it is important to select a cell culture system that expresses the appropriate level of endogenous miRNAs. Here, we analyzed the expression level of miR-200a in paired highmetastatic human serous ovarian cancer cell SKOV-3.ip1 and low-metastatic human serous ovarian cell SKOV-3 by performing Real-time quantitative RT-PCR. We observed that miR-200a expression was relatively higher in the more invasive and metastatic SKOV3.ip1cell line ( Figure 3A ), suggesting that miR-200a expression may be associated with the ovarian caner metastasis. Based on this expression pattern, we therefore chose more invasive and metastatic epithelial ovarian cancer cell line SKOV3.ip1 for the following dyregulation-function studies.
miR-200a dysregulation influences proliferation and invasion ability of ovarian carcinomas cell line SKOV3. ip1
To validate the involvement of miR-200a dysregulation in advanced ovarian carcinomas tumorigenesis and metastasis, functional analysis were performed to test the effects of miR-200a on ovarian cancer cells invasion and proliferation. The effect of miR-200a inhibitor or mimic on ovarian carcinoma cell proliferation and invasion were examined in vitro. More invasive and metastatic epithelial ovarian cancer cell line SKOV3.ip1 was used for the proliferation assay and the invasion assay. SKOV3.ip1 cell was suitable for the invasion assay because it showed well invasion to the Matrigelmembranes. We transfected SKOV3.ip1 cell with miR-200a inhibitor or mimic. 48 h later, miR-200a expression in SKOV3.ip1 cells was Figure 3A) . Subsequently, MTT assay showed that miR-200a inhibitor markedly reduced the cellular proliferation of SKOV-3.ip1 ( Figure  3B ). Matrigel invasion assay showed that knock-down of miR-200a in SKOV3.ip1 cell reduced invasion ( Figure  3C) . These results indicate that miR-200a act as an onco-microRNA promotes the proliferation and invasion of ovarian cancer cells in vitro.
Discussion
Since numerous investigations demonstrated that miRNAs are involved in cancer development and metastasis (Tavazoie et al., 2008; Mateescu et al., 2011) , miRNAs are now being explored to have great cancer diagnostic and prognostic potentials. Emerging evidence revealed that pattern of miRNAs expression correlated well with clinicopathological characteristics and disease outcome. In a previous study of chronic lymphocytic leukemia (Calin et al., 2005) , a unique signature of 13 miRNAs was associated with prognostic factors and disease progression. Another study reported that expression signatures of several miRNAs could accurately discriminate acute myeloid leukemia with common translocation (Li et al., 2008) . Furthermore, high expression of miR-155 and low expression of let-7a-2 were associated with poor prognosis in human lung cancer (Yanaihara et al., 2006) .
In human ovarian cancer, By using multiple molecular techniques, which include Northern blot analysis, realtime PCR, miRNA microarray, up-or down-expression of specific miRNAs, Several miRNA profiling studies have identified changes in miRNA patterns occurring during Epithelial ovarian cancer development and progression, opening a new field for the understanding of this disease and providing improved diagnostic and prognostic approaches (Table 3) .
Croce and colleagues found that the miR-200 family (miR-200a, miR-200b, miR-200c and miR-141) were up regulated in human ovarian cancers compared to normal ovarian tissue (Iorio et al., 2007) . This up-regulation of miR-200 family members was particularly pronounced in serous and endometroid histotypes. A subsequent study confirmed this result in serous ovarian cancers (Nam et al., 2008) . Moreover, over-expression of the miR-200 family significantly correlated with decreased survival. Patients with ovarian tumors with high miR-200a expression had an approximately 50% decrease in median survival time compared to those lacking significant miR-200a expression (27.5 months vs 61 months, respectively) (Nam et al., 2008) . In addition to the difference in expression levels between normal and cancerous tissues, it has been shown that miRNAs can also be histotype-specific. In endometrioid tumors, miR-21, miR-182, and miR-205 are considerably overexpressed while miR-144, miR-222, and miR-302a have reduced expression compared to normal. However, in serous and clear cell tumors, these miRNAs are normally expressed (Iorio et al., 2007) .
In our study, of 72 paired samples , 65 cancer tissues overexpressed microRNA-200a in comparison with matched normal epitheliums. Specifically, patients with lymph node metastasis showed significantly high expression of microRNA-200a. Similarly, miR-200a is also overexpressed in more invasive and metastatic epithelial ovarian cancer cell line SKOV3.ip1 than its parental line SKOV3. Consistent with previous several studies, the overexpression of miR-200a was correlated with clinicopathological features. High miR-200a expression was associated with features of aggressive disease, including high tumor grade, late disease stage, lymph node metastasis. However, correlation of miR-200a with tumor histology was not observed.
Our findings seem to be inconsistent with the observations of several earlier studies on miR-200a in advanced ovarian cancer. The miRNAs that were identified in various studies show only partial overlap. This may be due to differences in type of specimens (cell lines vs. tumor tissue), the inclusion of different histological subtypes, heterogeneity of the tumor, RNA isolation protocols and detection platforms. Another complicating factor is the choice and availability of the appropriate controls. Healthy ovarian tissue only contains a minor amount of epithelia cells. Therefore, some studies used cultured primary (immortalized) ovarian epithelial cells (HOSE) as reference tissue, despite in vitro culture artifacts. It also suggests that different miRNAs are involved in different stages of ovarian carcinogenesis. Nevertheless, miRNAs that are identified in multiple studies are more likely to be truly associated with ovarian cancer.
Although miRNAs have been identified as biomarkers either in cancer cell lines or in biopsy specimens, the invasive nature of a biopsy makes it unsuitable for cancer screening in high-risk populations. It would be desirable to have a method that could accurately detect cancer without resorting to an invasive procedure. Recently, several reports suggest that cell-free circulating miRNAs are detectable in serum/plasma and the levels of tumorderived miRNAs elevated in the patients with tongue cancer, lung cancer, prostate cancer, ovarian cancer, and colorectal cancer (Mostert et al., 2011; Mo et al., 2012) . In the serum of OVCA patients, miRNAs21, 29a, 92, 93, and 126 were overexpressed while miRNAs 127, 155, and 99b were under expressed as compared to controls (Resnick et al., 2009) . Another new non-invasive method with the potential for diagnosing OVCA involves isolating tumor-derived exosomes, miRNA 21, 141, 200a, 200b, 200c, 203, 205, and 214 are all overexpressed in tumorderived exosomes (Taylor et al., 2008) . These findings suggest that blood-based miRNAs could emerge a revolutionary sources of biomarker for ovarian cancer diagnosis. It would be of interest to extend this study in a larger number of paired fresh frozen advanced ovarian cancer samples, further investigation is required for evaluating this miR-200a as specific and blood-based biomarkers in ovarian tumors. With increasing knowledge about miRNAs associated with molecular subtypes and clinicopathological characteristics of ovarian cancer, we believe that miRNAs may prove useful as diagnostic and prognostic tools in the future.
As emerging evidences highlight the importance of miRNAs in diagnosis and prognosis of ovarian cancer, the usefulness of miRNA-based ovarian cancer therapy is now being explored. Recent evidence indicate that miRNAs can function both as tumor suppressors or oncogenes and promoters or suppressors of invasion and metastasis. Usually, miRNAs are dysregulated in cancers. Some miRNAs are temporally overexpressed in the early stage of cancer progression and they act like oncogenes by promoting proliferation and/or repressing apoptosis. Conversely, some miRNAs with tumor-repressor functions are downregulated in cancers. The association of aberrant miRNA expression with ovarian cancer, and functional analyses of specific miRNAs which has established their roles as tumor suppressors or oncogenes, illustrates the feasibility of manipulating miRNA expression as a therapeutic strategy for ovarian cancer. MicroRNAbased therapeutic strategies can be formulated by either antagonizing or restoring the functions of miRNAs.
Besides a putative (additive) role in ovarian cancer screening, miRNAs associated with ovarian cancer biology could also serve as targets for therapy. Figure  4 showed schematic representation of selected known targets of microRNAs that are frequently altered in ovarian carcinoma. The microRNAs frequently down-regulated in ovarian carcinoma typically target genes that have growth promoting functions, while microRNAs that are up-regulated target genes that have negative effects on cell growth. These microRNAs may represent targets for therapeutic interventions.
The members of the let-7 family, which are potential negative regulators of the EMT (which is associated with tumor aggressiveness, invasion and chemoresistance ) and repressors of oncogenes such as K-Ras, would be interesting targets for therapy. Recently, numerous reports have demonstrated that delivery of let-7 or miR-26 family miRNAs could suppress tumor growth in a mouse model of lung or liver cancer (Kumar et al., 2008; Kota et al., 2009; Trang et al., 2010) . In the case of liver cancer, trials with viral mediated delivery of miR-26 in mice showed great potency. These studies suggest that targeting of miR-200a in ovarian cancer is also feasible and might lead to a new therapeutic strategy.
Since miR-200a upregulation was significantly associated with advance clinicopathological data and could be detected in ovarian cancer cell line as well as ovarian cancer tissue, we focused further studies on this miRNA and conducted functional experiments in vitro in one ovarian cancer cell line (SKOV-3.ip1) which showes high expression of miR-200a. In cell line with high miR-200a expression downregulation of miR-200a resulted in decreased tumor cell proliferation as well as invasive ability. However, unlike the published reports that the miR-200 family was previously shown to promote epithelial characteristics by inhibiting the transcriptional repressor Zeb2 and thereby enhancing E-cadherin expression (Korpal et al., 2008) , our results showed that down-regulation of miR-200a expression can suppress cell proliferation and slow down tumor invasion. The role of the miR-200 family as inhibitor of the EMT seems difficult to reconcile with the fact that miR-200 family members are found up-regulated in ovarian tumors. It is possible that the increased expression of the miR-200 family is the result of comparing epithelial-derived tumors with control ovarian tissue containing only a low amount of epithelial cells. However, as high expression levels of miR-200 family members correlate with poor outcome, another possibility is that an additional, yet unidentified function of the miR-200 family is responsible for this observation. More studies should investigate functional effects of miR-200a in other tumor cell lines, The exact nature of the miR-200a regulatory mechanism awaits further investigation
In summary, miR-200a is overexpressed in advanced ovarian carcinoma tissues, and miR-200a inhibitor inhibits cellular proliferation and invasion in vitro. These findings raise the possibility that miR-200a can be used as biomarker and a powerful diagnostic tool for detecting ovarian cancers; and also, miR-200a inhibitor may have potential therapeutic value in ovarian carcinoma patients. Therefore, microRNAs, in particular miR-200a, may serve as potentially useful targets for ovarian cancer diagnosis and therapy. Further research will advancedly explore the function of miR-200a in tumor generation and development. Taking into account the great importance of miR-200 family in cancer, and their promising potential as new specific diagnostic biomarkers as well as molecular targets for the development of novel cancer therapeutics, we strongly believe that our results will be of importance for both clinical researchers and those who design miR-200 based novel cancer therapeutics. It would be of interest to extend this study in a larger number of paired fresh frozen samples, and to design more prospective studies to verify these important findings.
